The protein quality of an extruded mixture of hatchery by-product meal and soybean meal (EHSM) and the calcium availability of autoclaved hatchery by-product meal (AHBM) were determined. In Experiments 1 and 2, EHSM or soybean meal (SBM) were the only protein sources in diets formulated to contain 16, 20, or 24% CP. In both experiments, there were five or six replicate pens randomly allotted to each level of dietary protein and each pen contained five poults. In Experiment 1, there was a significant increase in the Protein Efficiency Ratio (PER; P ≤ 0.005) in poults from a fast-growing line compared with poults from a slow-growing line selected for egg production but no significant differences between EHSM and SBM. In Experiment 2, PER was increased in poults fed EHSM (P ≤ 0.002). In both studies, there was a large decline in PER in those poults fed the 16% SBM diet, and this resulted in a significant source by level interaction. There were no significant source or level of protein effects on the Net Protein Ratio (NPR) or Net Protein Utilization (NPU) in Experiment 2. In Experiment 3, AHBM, steamed bone meal and limestone were the primary sources of calcium in diets containing 0.6, 0.8, 1.0, and 1.2% calcium. There were four replicate pens per level and source of calcium. The length and width of the femur and tibia were measured along with fatextracted bone weight and ash. Poults fed diets containing AHBM and limestone had improved feed efficiency (P ≤ 0.008) compared with those fed bone meal. There were no significant diet effects on any bone measurements.
INTRODUCTION
Hatchery residue is primarily composed of dead chicks or poults, infertile whole eggs, and shells from hatched eggs (Hamm and Whitehead, 1982) . This material is usually incinerated, rendered, or taken to landfills (Wisman, 1964; Miller, 1984) . The high moisture content of fresh residue makes disposal and incineration costly to the producer and it may be unsafe environmentally (Vandepopuliere et al., 1977; Miller, 1984) .
Dried hatchery residue is reported to have approximately 21% calcium and 26% CP (Wisman, 1964) . The performance of broiler chicks and laying hens fed cornsoybean diets containing 5 or 15% dried hatchery residue was similar to that of birds fed control diets (Wisman, 1964; Wisman and Beane, 1965) . Vandepopuliere et al. (1977) reported similar results in layers fed diets containing up to 16% dried hatchery residue.
In some reports, dried hatchery residue was used as is (Wisman and Beane, 1965; Vandepopuliere et al., 1977) or mixed with other feed ingredients (Wisman, 1964; Miller, 1984; Tadtiyanant et al., 1993) . In either case, the primary objective of these experiments was to assess protein quality of the product even though it is extremely high in calcium. In the present study, two products were studied, an extruded mixture of fresh hatchery residue and 48% soybean meal (25:75), and turkey hatchery residue that had been subjected to low temperature-high pressure treatment (autoclaved; AHBM). The objectives were to evaluate the protein quality of the extruded product and calcium availability from the autoclaved product.
MATERIALS AND METHODS
In both experiments, the extruded soybean mealhatchery residue and autoclaved hatchery residue were collected on separate days and processed by Cooper Farms, Inc., Oakwood, OH. Factors such as day of the week, hatch percentage, and numbers of poults processed could have greatly influenced the makeup of the raw product that went into the extruded and 
Experiment 1
Fresh turkey hatchery residue was extruded with 48% soybean meal (25:75) to produce a final dry product (EHSM; 90% DM). Fresh chick hatchery residue contains between 43 and 71% moisture (Hamm and Whitehead, 1982; Vandepopuliere et al., 1977) , and it can be assumed that turkey hatch residue is similar. On a dry matter basis, therefore, soybean meal (SBM) contributed far more than 75% to the final, extruded mixture. Proximate analysis and amino acid composition (ion-exchange chromatography) of SBM, EHSM, and AHBM were determined by Novus International, Inc. 2 (Table 1) . Experimental diets were formulated to contain 16, 20, and 24% CP coming from either EHSM or SBM ( Table 2 ). The CP of all diets was determined by the Kjeldahl procedure, a method based on the nitrogen content of the sample. The EHSM was not as uniform a product as SBM and to some extent this carried over into the texture of the final diets. In addition, any type of hatchery by-product will contain a certain amount of nonprotein nitrogen from embryonic protein catabolism. Both of these factors may have contributed to the increased analyzed CP values found for diets containing EHSM compared with the calculated values, and this is further support for the use of PER as a measure of protein quality because the data are adjusted for actual protein consumption.
The diets listed in Table 2 were fed to poults from each of two experimental lines (F line, Egg line; Anthony et al., 1991; Lilburn and Nestor, 1991) . All poults were wingbanded at hatch, placed in Petersime battery brooders, and fed the standard OARDC turkey starter diet for 7 d. This diet meets or exceeds National Research Council (NRC, 1994) nutrient recommendations for starting poults. On Day 8, all poults were individually weighed. Five poults from the F line and Egg line were allotted by BW to 30 pens and 36 pens, respectively, which resulted in 5 (F line) and 6 (Egg line) replicate pens per source and level of protein, respectively. The mean starting weight for each pen of F line and Egg line poults was 135 ± 5 and 84 ± 3 g, respectively. Feed and water were available for ad libitum consumption and the experimental period was 10 d. Feed intake and individual poult weights were recorded after 3, 7, and 10 d. On Day 10 of the experiment, all poults were asphyxiated with carbon dioxide gas and the left Pectoralis major was excised and weighed.
The protein efficiency ratio (PER) was calculated according to Henry (1965) . Data were analyzed using the General Linear Models procedure of SAS ® (SAS Institute, 1990) . The experiment was a 2 × 3 × 2 factorial arrangement of treatments in a completely randomized design. Genetic line, protein source, and protein level were the main effects tested and all two-way interactions were also included in the model.
Experiment 2
Similar to what was described for Experiment 1, diets containing EHSM and SBM were fed to Nicholas and British United Turkeys (BUT) strain poults. All poults were reared separately in Petersime battery brooders for 6 d. On Day 7, all poults were individually weighed and three Nicholas and two BUT poults were randomly allocated to each battery pen. The pen was the experimental unit and the mean weight of all poults within a pen at the start of the experiment was 107 ± 5 g. The diets used in Experiment 1 were also fed in this study and there were five replicate pens per diet. A nitrogen-free diet (Barbour et al., 1995) was fed to the poults in five replicate pens. All diets and water were available for ad libitum consumption and the experiment lasted 8 d.
Body weight and feed intake were measured on Days 2, 5, and 8. The weight of the P. major was measured at the end of the experiment. The carcass of one poult per pen whose BW was close to the average for that pen was frozen and stored at -20 C. The carcasses were subsequently thawed, ground, lyophilized, and carcass nitrogen was determined by the Kjeldahl procedure.
The PER, net protein ratio (NPR), and net protein utilization (NPU) calculations were made according to Henry (1965) , Miller and Bender (1955) , and Bender and Doell (1957) , respectively, and were as follows: The experimental design was a completely randomized, 2 × 3 factorial arrangement of treatments with source and level of protein as the main effects in the model. The source by level interaction was also tested.
Experiment 3
Turkey hatchery residue 3 was ground, autoclaved for 15 min at 125 C and 1.76 kg/cm 2 , and then dried at 50 C for 1 h. Dried samples collected for proximate analysis, mineral analysis, and amino acid composition (AHBM ;  Table 1 ) were sent to Novus International Inc. For diet formulation, 1,696 kcal/kg was used as the ME value based on the published data of Wisman (1964) .
Steamed bone meal contained 10.8% CP. The ME and amino acid concentration were extrapolated from the reported nutrient composition of gelatin (NRC, 1984) . The calcium, phosphorus, sodium, and potassium of SBM were taken from the U.S.-Canada tables on feed composition (1982) and calcium levels were analyzed in all diets after mixing. Diets based on corn and SBM were formulated to contain 0.6, 0.8, 1.0, and 1.2% Ca coming primarily from limestone (LI), AHBM, or BM (Table 3) . At hatch, commercial poults were randomly allocated to 48 pens in Petersime battery brooders. Each pen contained five poults. There were four replicate pens per level and source of calcium. Feed and water were available for ad libitum consumption and the experiment lasted 18 d. Feed intake was recorded throughout the study. On Day 18, all poults were asphyxiated with carbon dioxide and the carcasses frozen for later measurements.
The carcasses were thawed and the femur and tibia were dissected from the carcass and dried at room temperature. The length of the tibia and femur and their width at the calculated midpoint were measured. The tibia and femur from two poults in each pen whose bone lengths were closest to the pen average were defatted, weighed, and ashed for percentage bone ash determination. Data were analyzed using the General Linear Models procedure of SAS ® (SAS Institute, 1990). Source of calcium, level of calcium, and the source by level interaction were the main effects tested. Significant main effects were separated using Duncan's new multiple range test (P ≤ 0.05; Damon and Harvey, 1987) .
RESULTS
The AHBM contained approximately half the level of protein as EHSM and SBM and 70% less lysine (Table 1) . As alluded to in the Materials and Methods section, the hatchery residue used in the first two experiments was collected on a separate day from that used in Experiment 3. The makeup of the product on the two sampling days could have been very different and would make a theoretical calculation of the content of EHSM from the composition of SBM and AHSM difficult. As would be expected, AHBM was very high in ash (68%) but less than half of this was calcium (25.6%).
Experiment 1
Feed intake, BW, and PER were significantly greater in the F line than in the Egg line poults (P ≤ 0.005; Table 4 ). There were no strain effects on the relative weight of P. major. The weight of the P. major expressed per 100 g of protein consumed, however, was greater in Egg line poults (P ≤ 0.024).
All performance variables and the relative weight of the P. major were increased in poults fed diets containing EHSM (P ≤ 0.001) compared with SBM. The weight of the P. major per unit of protein consumed and PER were not significantly effected by the source of protein. There was a significant, positive effect of increased level of protein on all measured variables with the exception of P. major per 100 g of protein consumed and PER. Muscle weight per gram of protein consumed decreased as protein level increased (P ≤ 0.001). In poults fed SBM, there was a general increase in PER as dietary protein increased, whereas with EHSM, increased dietary protein resulted in a decline in PER (F-line) or no change (Egg line), which resulted in a source by level interaction (P ≤ 0.001).
Experiment 2
The results of this study were similar to those of Experiment 1. Feed intake, BW, and the relative weight of the P. major were increased in poults fed diets containing EHSM. There was a significant, positive effect of protein level on these variables as well. The weight of the P. major adjusted for protein intake was increased in poults fed diets containing SBM (P ≤ 0.003) and decreased as level of protein increased (P ≤ 0.001). The decline in adjusted muscle weight in poults fed SBM was greater than that with diets containing EHSM and this resulted in a significant source by level interaction (P ≤ 0.001). There were no significant effects of level or source of protein on carcass protein content. As dietary protein increased, all measured factors increased (P ≤ 0.001), with the exceptions of carcass protein (no change) and the protein-adjusted weight of the P. major, which decreased with increasing levels of protein. The magnitude of the changes in relative and protein adjusted weights of the P. major with each incremental increase in dietary protein were greater for poults fed EHSM than for poults fed SBM, which resulted in a significant source by level interaction (P ≤ 0.03).
Diets containing EHSM resulted in an overall improvement in PER (P ≤ 0.02; Table 6 ) compared with SBM. There was an overall decline in PER as level of protein decreased (P ≤ 0.001). This decline was primarily due to the difference between the 20 and 16% protein diets, which was far greater for poults fed SBM than for those fed EHSM, and resulted in a significant source by level interaction (P ≤ 0.001). There were no significant source or protein level effects on NPR or NPU, but the responses within each protein source were inconsistent. This inconsistency resulted in source by level interactions for both NPR (P ≤ 0.07) and NPU (P ≤ 0.05).
Experiment 3
There were no significant source or level effects on BW gain or feed intake ( Table 7 ). The source of calcium did influence feed efficiency, however. Poults fed diets containing limestone and AHBM had improved feed efficiency compared with those fed bone meal (P ≤ 0.008).
The length and width of the tibia and femur were not influenced by the source of dietary Ca (Table 8) . Defatted bone ash was nonsignificantly lower in the tibia (P ≤ 0.06) and femur (P ≤ 0.08) of poults fed diets containing limestone. Within each calcium source, the width of the tibia and femur and defatted bone ash were all lowest in diets formulated to contain 0.6% calcium. This was also true for tibia and femur length in those poults fed limestone and AHBM.
DISCUSSION
The co-extrusion of turkey hatchery residue with SBM (25:75) resulted in a product that was only slightly lower than 48% SBM in protein and essential amino acids. This result would suggest similar responses to experimental measures of protein quality (i.e., PER), but this was not the case. The inclusion of 25% hatchery residue in the extruded mixture had an unexplainable yet beneficial effect on feed intake, particularly at the lowest level of dietary protein (16%). This increase in feed intake had a corresponding, positive effect on the PER for EHSM. There was an approximate 1% difference in ether extract between the two protein sources, but supplemental fat in the 16% CP diet containing SBM should have minimized any dietary differences in palatability or dustiness. In a separate set of experiments, Barbour et al. (1995) also observed a similar decline in feed intake and PER when diets containing only 48% SBM were decreased from 20 to 16% CP. The source by level interaction observed in the current experiments should not detract from the results obtained with the 20 and 24% CP diets, both of which were still in the deficient range for starting turkeys. The PER results from these two treatments together with the NPR and NPU data support an overall conclusion that EHSM and SBM are similar in protein quality. Extrusion of hatchery residue with a dry grain product and the creation of a quality feed ingredient is similar to the conclusions of Miller (1984) and Tadtiyanant et al. (1993) .
From a practical standpoint, the high ash and calcium content of dried hatchery residue would warrant its inclusion in practical diets as a source of supplemental calcium more than as a major contributor to dietary CP. The tibia and femur data suggest that calcium availability from AHBM is equivalent to that of limestone and bone meal.
The effects due to level of dietary Ca present some interesting results, however. With the exception of the limestone diet formulated to contain 1.0% calcium, which analyzed considerably higher at 1.17%, the calculated and analyzed levels of calcium were reasonably close. Within each source of calcium, the lowest calcium concentration resulted in the poorest bone measures, whereas among the three highest levels of dietary calcium there were no consistent differences. This result suggests that the calcium requirement for starting poults may be lower than the NRC (1994) recommendation of 1.2% and considerably lower than the level commonly used within the industry (> 1.3%). There are other reports in the literature that also support a calcium requirement of no higher than 1% (Lindblad et al., 1954; Slinger et al., 1961; Neagle et al., 1968) , although there have been considerable changes in the genetics of commercial turkeys since the latter three research reports were published.
